User involvement during design process is an important issue in inclusive design (ID). To this purpose, in the last years, virtual reality (VR) technologies have been introduced to construct virtual prototypes, in order to allow test with users even at the end of the conceptual design phase. The present paper aims to propose a method to support the selection of VR interaction technologies, which can be suited by end users accordingly to their physical and cognitive abilities. The proposed method is applied in order to compare the main VR interaction technologies with the objective to identify an optimal low-cost VR set-up to involve elderly people in evaluation of an innovative concept of kitchen environment which implement smart grid and home automation technologies.
Introduction
Nowadays, there are two main design philosophies that tend to underpin design for elderly and disabled people: assistive technology (AT) and inclusive (or universal) design (Zlotnicki et al., 2005) .
The AT approach promotes greater independence by enabling people to perform tasks that they were formerly unable to accomplish, or had great difficulty accomplishing, by designing specific products. However, it can cut users off from mainstream products, disadvantaging and stigmatising them (Cook and Hussey, 2002) .
Conversely, inclusive design (ID) aims to design products that are suitable for everyone to use. So, it provides to reduce stigmatisation, to increase equality and maximise market potential. It looks indeed at lead to enhance the usability of mainstream products, but the goal of usability by everyone is hard to achieve (Preiser, 2001; Patrick et al., 2010) . In fact, product usability depends on the characteristics of the end users and on the particular context in which it is used (ISO 9241-11:1998) . Therefore, the understanding of the needs and limitations of end users by the designers is a crucial issue: user involvement during design process is particularly important in ID because designers have very different awareness of elderly and disabled users' needs. This can be achieved by involving end users in the evaluation of design solutions adopted at the end of every stage of the design process.
Testing the user-product interaction, early in the design process, allows to provide products that better meet users' needs. In fact, when product tests with users are done at a rather late stage of the product development process, the result of the design process nevertheless conditionally fulfils the requirements of users.
The early product development phase can generally be referred to as the 'conceptual design phase' which includes phases such as sketch, design and evaluation. As a consequence, designers need support by simulating the interface between users and a consumer product.
As designers require methods and tools to support test with user in order to assess usability and user experience with the product, virtual reality (VR)-based technologies have been introduced to create, manipulate and explore virtual prototypes (Hall, 2001) as well as simulate product behaviour in different working conditions. However, quality and level of interaction offered by virtual interaction technologies actually determine the accessibility of virtual environment and consequently they can affect the user's performance and user's experience during the interaction with virtual prototypes.
The present paper aims to propose a method to support the selection of VR interaction technologies, which can be suited by end users accordingly to their physical and cognitive abilities. Understand which technologies are most suited by final user is a crucial issue, because the experienced quality of VR environment, in terms of interaction, immersion and presence, strongly depends on the psychological and physiological users' ability (Rizzo and Kim, 2005) . To maximise VR environment accessibility it is then necessary to choose the technology according to the particular user's characteristics and abilities.
In this context, there are limited case studies which employ sample users with different cognitive and physical abilities in order to assess specific VR technological setups. Moreover, the majority of them aim to assess desktop-based systems and implement traditional input interaction technologies (e.g., joysticks, keyboard and mouse) (Liu et al., 2009; Castillaa et al., 2013; Sayers, 2004) .
No studies have been yet conducted to understand if the main VR interaction technologies are adequate or not to be used by elderly people in order to assess usability and user experience with immersive virtual prototypes.
The present paper aims to provide support in this point. The proposed method is applied in order to compare the main VR interaction technologies with the aim to identify an optimal low-cost VR set-up to involve elderly people in evaluation of an innovative kitchen environment which implement smart grid and home automation technologies.
Related works
According to Gowda et al. (1999) , virtual prototyping (VP) "is a technology which involves the use of virtual reality (VR) and other computer technologies to create digital prototypes". Burdea and Coiffet (2003) suggest that three features are required to ensure that participants feel involved in VR. The authors call these criteria 'the VR triangle', in which the three vertices (e.g., interaction, immersion, and imagination) are interconnected in a systemic manner. Interaction (or interactivity) is communicated and connected with and between the user and the VR system. The capacity for detecting user motions and actions (user inputs) and refreshing the VE according to those inputs defines interaction (Rebelo et al., 2011) . Immersion is associated with the feeling of being inside a VE. If one considers that information is processed predominantly by the auditory, tactile and visual senses, then what one sees, hears and touch is very important to feeling immersed. Imagination is related to the users' capacity to perceive non-existent things and to the will to believe that he or she is in the VE, even while knowing he or she is physically situated in another environment (Burdea and Coiffet, 2003) . Thus, the interactivity and immersion levels experienced by the user directly affect his or her imagination, which in turn is dependent on the type of equipment used, the degree of realism of the VEs, the tasks to be performed while in the VE, and the user's motivation to participate in the simulation.
VR systems can be classified according to the level of immersion they provide to the user/observer (i.e., desktop-based, semi-immersive, immersive), to the combination of I/O devices used to perform a specific task (i.e., tracker, navigation and gesture interfaces and graphics, three dimensional sound and haptic displays), to the human senses they activate during VP interaction (i.e., visual, tactile and auditory), to the stage of the Milgram's virtuality continuum (Milgram et al., 1994; Burdea et al., 2003) they belong to and to characteristics of the world where the physical presence is simulated [i.e., VR, mixed reality (MR), augmented reality (AR), augmented virtuality].
Nowadays advanced VP technologies aim at replacing physical mock-ups with virtual ones (Wilson and D'Cruz, 2006 ). Some studies demonstrate how they can be used to rapidly carry out usability testing, to reduce evaluation time and costs and to involve end-users from the earliest stages of the design process without building physical mock-ups (Kuutti et al., 2001 ). However, VR environments often show several technological limitations as they are characterised by low sense of immersion, poor physical interaction, high complexity, low realism, unnatural manipulation, intrusiveness and non-intuitiveness.
MR environments represent a compromise solution in which real and virtual worlds are combined in various proportions and presented as a unified whole. MR fuses the two extremes of the VR continuum by synchronising information from the digital existing space and the physical one in a more natural way (Milgram et al., 1994) . Within the MR framework, AR technique is one of the most adopted due to the low cost of the technologies and to its ability to enhance the real scene with computer graphics and emerging tactile and sound rendering displays (Zhou et al., 2004) .
The involvement of end-user during conceptual design is fundamental to address subsequent decision-making. The problem is to choose the technology according to the particular user characteristics. In fact, the experienced quality of VR environment, in terms of interaction, immersion and navigation, generally depend on the psychological and physiological human ability.
Concentrating on the classification of the AR/VR technologies on the basis of sensorial modalities that they active in the virtual experience: visual, tactile, motion and auditory (Burdea and Coiffet, 2003) . The sense of vision is stimulated by display technologies, which can be divided into single-user displays and multi-users displays. The first are generally desk-supported [i.e., traditional CRT or LCD displays, hand-held systems to allow mobility in routine applications, passive and active stereoscopic displays, personal head-mounted displays (HMD), dome-shaped displays]. The second class consists of large volume displays (LVD) which allow the simultaneous collaboration of several individuals. They can be flat or curved, front or rear projectionbased; they may provide passive or active stereoscopic experience and also they can be wrapped-around to provide immersiveness from the vertical direction (i.e., CAVE systems and surround systems, extra large-sized dome). Special display systems are also 3D holographic displays and the recent light emitting diode displays.
The sense of touch is performed by what are called haptic technologies. Tactile and force feedback devices seek to emulate the tactile cues. Examples of available haptic devices are: tactile mouse, point-based devices, cybertouch gloves, exoskeletons, temperature fixed gloves, force feedback displays, matrix displays. They differ for the adopted strategy to reproduce tactile sensations: mechanical and electrical stimulation. The sense of motion is usually achieved via some means of position and orientation tracking (e.g., optical, ultrasonic, electromagnetic, and mechanical), that mediate the user's input into the VR simulation. This class also includes all navigation and manipulation technologies: from the common mouse, keyboard and joystick, to more experimental cubic mouse, trackballs and 3D probes. All of these means have been used in combination with visualisation technologies and some of them can also provide haptic feedback.
The sense of hearing is performed by sound technologies: stereo sound, spatialising multiple sound sources and 3D sound. They differ from each other in the level of realistic feedback they provide to the user.
The various VR technologies differ in degree of immersion, navigation and interaction that allow you to experiment during the user experience with the prototype.
Take into account a list of VR performance metrics (Søraker, 2009; Boas, 2013; Karaseitanidis et al., 2006) , including usability and presence metrics, a classification of the VR technologies for elderly was conduct on the basis of a scale of importance (low, medium and high) by expert VR user evaluation and the results are reported in Table 1 .
Many different solutions have been proposed in literature AR/MR/VR techniques with the intent to provide devices usable for elderly people.
Some studies (Rose et al., 2005) have investigated on the potential of the VR technologies to assist current rehabilitation techniques, in the assessment of cognitive abilities during rehabilitation training. The benefit of VR are most plausible also in the rehabilitation of stroke patients, for whom the costs are high, the therapist time is limited, and repetitive practice of movements has been shown to be beneficial (Broeren et al., 2008) . Broeren focused his research interest on the knowledge of how older individual can make effective use of VR technologies, 3D display and haptic device, for motor rehabilitation, and in according with Jack et al. (2001) suggest the usefulness of VR technologies for elderly people in training motor performance. In Lucca (2009) was conducted a review on innovative technologies, such as advanced robotics and VR, for applicability in neuro-rehabilitation of hand-arm function. In the project ARAMIS (Dolce et al., 2009; Colizzi et al., 2009 ) an exoskeleton 6DoF is integrated with an inertial tracking system and a HMD in order to provide the therapist with novel and time/costefficient approaches to the rehabilitation of the paretic upper limb after stroke. Virtual environments include the opportunity to gradually increase the complexity of tasks while decreasing the support and feedback provided by the therapist, encouraging and motivating the participant (Weiss et al., 2006; Schultheis and Rizzo, 2001) . Chang et al. (2012) investigated on the comparison of Optitrack with Kinect highlighting the potentiality of this low cost video-based tracking system in order to provide an accessible technology that enables patients to take rehabilitation also in home environment. Today the VR technologies are widely used to develop gaming system desktop based in order to provide a personalised and automated training (Cameirão et al., 2010) .
No studies have been yet conducted to assess what VR technology can be suited for elderly in order to involve them in design solutions evaluation.
Analysis and development of a VR
A structured approach is described below to achieve two objectives:
1 an evaluation of the VR technology according to body function in elderly people 2 the definition of the architecture of a proper VR system useful to be used in experimental settings.
VR technology assessment
In order to classify and evaluate the ability of user according to its characteristics, it was decided to use the International Classification of Functioning (ICF), disability and health. The ICF has a universal application (World Health Organization, 2001) , as it allows describing the health and health-related states associated with all health conditions. It not focuses only on disabled people but allows describing the condition of any person. ICF organises information in two parts. Part 1 deals with functioning and disability, while Part 2 covers contextual factors. The domains related to functioning and disabilities are described from the perspective of the body and the individual and society in two basic lists:
• 'body functions and structures'
• 'activities and participation'. Body functions are the physiological functions of body systems (including psychological functions). Body structures are anatomical parts of the body such as organs, limb and their components. Activity is the execution of a task or action by an individual. Participation is involvement in a life situation.
As the experienced quality of VR environment, in terms of interaction, immersion and presence, strongly depends on the psychological and physiological users' ability (Rizzo and Kim, 2005) , we focused our attention on user's body functions.
Body functions are classified by ICF in 8 macro-categories, as reported in Table 2 .
In particular, we focused our attention on 8 BFs: hearing functions (b230), seeing functions (b210), global mental functions (b110-b130), specific mental functions (b140-b180), vestibular functions (b235), functions of the joints and bones (b710-b729), movement functions (b750-b789) and muscles functions (b730-b749).
As can be observed in Table 3 , such body functions are very relevant to interact with the majority of VR interaction technologies.
In order to assess VR technology usability depending on the level of impairment in user's body function, we conducted an expert evaluation. In particular three disability experts and three expert nurses employed in a rehabilitation centre were involved, who usually use ICF in daily practice for clinical purposes. At the beginning of each evaluation sessions, an expert in VR technology presented the characteristics of the technology under assessment, and explained its specific strengths and weakness. In order to support understanding of characteristics of VR technology, slideshows were used. In particular photos and videos describing the various technologies has been shown. All the descriptive audiovisual material has been taken from the websites of producers of technology. In order to reduce possible bias, the VR expert used a language as neutral as possible to conduct the explanation. To ensure this, the VR expert merely read descriptive texts. At the end of the explanation, experts had the possibility to ask some question to the VR expert, thus deepen aspects not entirely clear and clarify their doubts. In answering such questions, the VR expert was careful to use language as much as possible neutral, limiting itself to providing information about the technology, without going over details. Then we asked to the participants to evaluate the maximum extent of impairment of each body functions which still allow to adopt the technology under assessment, by using the 0-4 ICF checklist qualifiers scale (World Health Organization, 2003) , where 0 indicates complete functionality and 4 corresponds to a complete absence of BF. Table 4 reports the means of experts' assessments, and the respective standard deviations. As can be observed, values of standard deviations are generally small. This shows that all experts have evaluated the technologies in much the same way.
When the characteristics of a specific class of user are defined, it is possible to assess which is the most appropriate technology to adopt. To this purpose, just compare the user profile qualifiers (Q UP ), which represent the extend of user functionalities in each BF, with the virtual technology qualifiers (Q VT ), which represent the maximum extent of impairment of each body functions which still allow to adopt the technology under assessment. In particular, if Q UP ≤ Q VT , then the technology can be considered suitable. Otherwise, the technology is not suitable. For example, Table 5 shows which technologies are suitable for elderly people. As we can observe, among visualisation technologies HMD, Stereoscopic projection (active or passive) curved screen and CAVE are particular suitable for elderly people. Among tracking systems, only the use of hybrid gyroscopic and exo-skeletal should be avoid. The exo-skeletal is not recommended as haptic device too. Joystick-like is indicated as interaction device. In order to define a VR set-up that can be suitable by elderly people, it is then necessary to analyse the compatibility of all possible combination of such technologies. This analysis should be carried out compulsorily for defining possible set-up because it is not possible to integrate any set of technologies. For example if we implement haptic technologies in a CAVE system, the quality of VR environment considerably decreases in terms of level of immersion (Rebelo et al., 2011) . Figure 1Error ! Reference source not found. describes the VR set-up definition process. First of all, by analysing the compatibility between tracking systems (T), input devices (I) and haptic devices (H), we built the matrix (M). Then, by analysing the compatibility between each combination of technologies (M i ) with visualisation (V) and sound (S) technologies, we identify the collection of possible set-ups (matrix Ω).
At this point, among the possible set-ups identified you can choose the most suitable one according to your needs (e.g., budget constraint, stage of design process, etc.). 
Architecture definition of a VR system for tests with elderly
The investigation on VR technology accessibility according to elderly needs allows the definition of a proper combination of systems to create an immersive and interactive virtual environment to be adopted for user testing. It mainly exploits MR techniques as described in the following paragraphs. It actually allows the reproduction of contact with virtual and real objects populating the scene, the recognition of natural gestures users do while interacting with others or carrying out specific actions and the subsequent visualisation of visual and tactile feedbacks. In this way a tangible experience of the kitchen environment can be reproduced.
From the VR Technology Assessment described above a list of VR technologies is selected in order to realise a low cost and flexible MR system. The proposed system architecture is able to involve different human senses through the use of a variety of technologies: VR/AR, tracking and haptic. The sense of vision is provided by the use of a HMD to display a realistic VE and ensure a high degree of immersion in it. The HMD adopted is also able to recognise the presence of AR markers in the real word and display additional information in the VE. In order to increase the user's sense of immersion in the VE is implemented an avatar able to reproduce the movements of the user. The user point of view in the VE is in first person. The sense of motion is guaranteed by an optical tracking system, optitrack with six cameras, able to trace the user position and orientation. It is essential to trace the user gestures. The sense of touch is performed by an anthropomorphic robot six-axis (6 DoF) used as haptic device able to reproduce the shape and the movements of virtual objects.
In order to integrate MR technologies a software platform is developed (Figure 2 ). It integrates the following modules:
• Optitrack tracking tools that is a software able to trace the user position and orientation in a certain volume of work and share data by stream VRPN.
• A dedicated LabVIEW application developed to send and receive data trough TCP/IP communication between the robot and Virtools. The application receives from the robot its position and the force feedback of a load cell mounted on the robot wrist. From Virtools it receives the relative position between the robot wrist and a virtual object and when the contact between them occurs. This application is able to manage the robot in two different ways, the first one occurs when there is no contact with a virtual objet and it is a passive mode where the robot is moved by the user without resistance. The second one is an active mode and occurs when there is a contact with a virtual object and the robot is resistant to movement imposed by the user.
• 3DVIA Virtools that provides the degree of interactivity and immersion of the VR system. It integrates and processes the data from Tracking Tools and LabVIEW in order to orient the user point of view in the VE, associate the correct meaning at the user gestures, receive command from the user, simulate the user position with respect to the virtual objects to have a touch and force feedback. It also allows to have as output the display of the VE.
• UGS Jack by Siemens that is useful to use the recording data from the trace of the user in analysis of physical and cognitive ergonomics during the user interaction with the VE.
A Wiimote controller is used as an interaction device to give commands to the VE. Through the gestural interface the proposed VR system is able to overcome the limits of common model-scale application (Ruddle, 2013) . The user looks around naturally while remaining in one position by turning his head and use simple and intuitive gesture made with the hand to move in any desired position of the VE. The use of an HMD to display the VE on one side has the limitation of not having a high resolution but also guarantees the integration of real and virtual by techniques of AR. The robot 6 DoF is useful to simulate large movements and force greater than a common haptic system. 
Expert evaluation of the VR system
An expert evaluation of the VR system describes before, was carried out. A total of 4 experts in HCI research were involved. Evaluators familiarised themselves with the application, carried out a set of representative tasks, listed problems encountered, and then used heuristics to interpret and classify them. In particular the 12 followed heuristics proposed (Sutcliffe and Brian, 2004) were used: natural engagement, compatibility with the user's task and domain, natural expression of action, close coordination of action and representation, realistic feedback, faithful viewpoints, navigation and orientation support, clear entry and exit points, consistent departures, support for learning, clear turn-taking, sense of presence.
Experts were asked to evaluate the VR system by using a 5-point Likert scale. The results of the expert evaluation are referred in Table 6 , in terms of median of experts' judgements and of the main problems encountered.
Conclusions
An approach for design low cost and user centred VR immersive system has been presented. The main scope is to consider the characteristics of elderly people in the system ideation phase.
The proposed method is applied in order to compare the main VR interaction technologies with the objective to identify an optimal low-cost VR set-up to involve elderly people in evaluation of an innovative concept of kitchen environment which implement smart grid and home automation technologies.
The proposed approach was applied in order to select VR technologies to define a proper low cost VR system suitable for elderly people and able to involve multisensory channels. Such VR technology set-up allow the use of VR/AR technologies that can successfully support the design and evaluation of different design solution from a cognitive and a physical point of view.
An expert evaluation was conduct in order to demonstrate the effectiveness of proposed VR set-up selection approach. Results reported in the previous section can demonstrate that the integration of selected technologies allow the construction of a VR environment which reveals a good level of interaction quality: only minor problems due the system latency issues have been reported. Consequently, the defined VR environment can be considered effectively suited by the considered end users.
Future work will aim to test with users the developed VR environment in order to identify the effective system accessibility.
Moreover, it is necessary to carry out other studies in order to validate the proposed VR technology selection method. In particular different studies must be conducted in order to demonstrate the method effectiveness in supporting the construction of VR environment suitable to test product design with other different users and in other application contexts.
